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TECHNICAL AND INDUSTRIAL APPLICABILIT^ INVENTION 

The present invention discloses the isolation of a key portion of the catalytic , 
kinase region of vascular endothelial growth factor receptor 2 or VEGFR-2 through 

5 cloning, sequencing and x-ray crystallography. Also disclosed is the deletion of 
various amino acid residues from an area of the catalytic region called the kinase 
insert domain (KID). The resulting polypeptide retains comparable in vitro kinase 
activity to that of the wild-type KID and is not necessary for the catalytic activity of the 
polypeptide, and more importantly, allows complete crystallization of the protein such 

10 that it may be characterized by X-ray crystallography. The present invention further 
discloses x.ray crystallography data useful for identification and construction of 
• therapeutic compounds in the treatment of various disease conditions associated with 
VEGFR-2. 
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BACKGROUND OF THE INVENTION 



Many physiological events including embryogenesis, organ development, estrus, 
and wound healing require vascular growth and remodeling (Folkman et al.. (1992)i. 

Biol. Chem. 267. 10931-10934; Risau. W. (1995) FASEBJ. 9. 926-933.). In addition to 
20 these beneficial, processes, angiogenesis is also involved in the proliferation of disease 
states such as tumor growth, metastasis, psoriasis, rheumatoid arthritis, macular 
degeneration and retinopathy (Pepper. M.S., (1996) Vase. Med. 1, 259-266; Kuiper et 
al., (1998) Pharmacol. Res. 37. 1-16, 1998; Kumar and Fidler. (1998)Jnyiyo78. 27-34; 
Szekaneczetal., (1998 ^. Investig. Med. 46, 27-41; Tolentino and Adamis, (1988)_lnt. 
25 Ophthalmol. Clin. 38. 77-94. Of the signaling pathways known to influence vascular 
■ formation, these involving vascular endothelial growth factor (VEGF) haves been shown 
to be essential and selective for vascular endothelial cells (Dvorak et al., (1995) Am^. 
Path. 146, 1029-1039; Thomas, K., (1996) Cell 27-?. 603-606; Ferrara N. and Davis- 
Smyth, (1997) Endocrine Rev. 18, 4-25). The therapeutic potential of inhibiting the 
VEGF pathway has been directly demonstrated by anti-VEGF monoclonal antibodies 
which were active against a variety of human tumors (Borgstrom et al. (1996) Cancir 
Res. 56, 4032-4039) and ischemic retinal disease (Adamis et al, (1996) Arch. 
Ophthalmol. 114, 66-71). . 
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Normal vas enesis and angiogenesis play import|pples in a variety of 
physiological processes such as embryonic development, wound healing, organ 
regeneration and female reproductive processes such as follicle development in the 
corpus luteum during ovulation and placental growth after pregnancy (Folkman & 
Shing, 1992). Uncontrolled vasculogenesis and/or angiogenesis has been associated 
with diseases, such as diabetes, as well as malignant solid tumors that rely on , 
vascularization for growth. Klagsbum & Soker, (1993) Current Biology 3(1 0):699-702; 
Folkham. M991) J. Natl.. Cancer Inst. 82:4-6; Weidner, et al., (1991) New Engl. J . 
Med. 324:1-5. 

Several polypeptides with in vitro endothelial cell grov^h promoting 
activity have been identified. Examples include acidicand basic fibroblastic growth 
factor (FGF), vascular endothelial growth factor (VE.GF)and placental growth factor. 
Unlike FGF, VEGF has recently been reported to be an endothelial cell specific 
mitogen (Ferrara & Henzel, MQ«Q^ Rinrh^m. Biophvs. Res. Comm. 161:851-858; 
Vaismanetal., (1990)J^BiolXhem. 265:19461-19566). 

Thus, identification of the specific receptors to which VEGF binds is ■ 
important to understanding of the regulation of endothelial cell proliferation. Two 
structurally related tyrosine kinases have been identified to bind VEGF with high 
affinity: the flt-1 receptor (Shibuya et al., (1990) pncogen_e 5:519-524; De Vries et al.. 
(1992) Science 255:989-991) and the KDR/FLK-1 receptor, discussed herein. 
Consequently, it had been surmised that RTKs may have a role in the modulation and 
regulation of endothelial cell proliferation. 

Recent disclosures, such as information set forth in U.S. Patent Application 
Ser. Nos. 08/193,829. 08/038,596 and 07/975,750,strongly suggest that VEGF is not 
only responsible for endothelial cell proliferation, but also is the prime regulator of 
normal and pathological angiogenesis. See generally. Klagsbum & Soker, (1993) 
■ current Biology 3:699-702; Houck, et al., (1992) J. Biol. Chen. 267:26031-26037. 

-VEGF is a homodimeric cytokine.that is expressed in at least four splice-, 
variant fomis of 121-206 residues (Ferrara and Davis-Smyth, 1997). Vascular 



endothelial cells S^kss at least two high-affinity receptors^P/EGF: VEGF-R1/Flt-1 
and VEGFR-2/KDR. VEGF-R1 and VEGFR-2 are receptor tyrosine kinases each 
comprised of an extracellular domain that contains 7 immunoglobulin-like segments 
and binds VEGF, a short membrane spanning region, and a cytosolic domain 
possessing tyrosine kinase activity. The kinase domain directly follows the 
extracellular and juxtamembrane regions and is itself followed by another domain 
(post-kinase domain), which may function in binding of other proteins for signal 
transduction. These two receptors appear to have different signaling pathways and 
functions with VEGFR-2 being of primary importance in mjtosis of endothelial cells 
(Waltenberger et al., (1994) J. Biol. Chem. 269, 26988-26995; Seetharm et aL, (1995) 
Oncogene 10, 135-147; Shalaby et ah, (1995) Nature 376, 576-579). 

Both FGF and VEGF are potent angiogenic factors which induce formation of 
new capillary blood vessels. Transfection of human breast carcinoma cell line MCF-7 
with FGF resulted in cell lines that form progressively growing and metastatic tumors 
when injected (s.c.) into nude mice. FGF may play a critical role in progression of 
breast tumors to an estrogen-independent, anti-estrogen resistant metastatic . 
phenotype (McLeskey et al., (1 993) Cancer Res. 53: 2168-2177). Breast tumor cells 
exhibited increased neovascularization, increased spontaneous metastasis .and more 
rapid growth in vivo than did the non-transfected tumors. FGF has been shown to be ■ 
transforming in N1H-3T3 cells and implicated in tumorigenesis and metastasis of 
mouse mammary tumors. FGF overexpression conferred a tumorigenic phenotype on 
a human adrenal carcinoma eel! line suggesting that FGF's may also play a role in the 
transformation of epithelial cells. Polyclonal neutralizing antibodies to FGF inhibited 
tumor growth in Balb/c nude mice transplanted with K1000 cells (transfected with the 
leader sequence of bFGF) which form tumors in these mice (Hori et aL, (1991) Cance r 
Res. 51: 6180-9184). 



Due to the role of FGF in neovascularization, tumorigenesis and metastasis, 
there is a need in the art for FGF inhibitors as potent anti-cancer agents that exert 
their anti-FGF activity by preventing intracellular signaling of FGF. 
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VEGF ntrast, is an endothelial cell-specific r^en and an angiogenesis 
inducer that is released by a variety of tumor cells and expressed in human tumor 
cells in situ. Unlike FGF, transfection of cell lines with a cDNA sequence encoding 
VEGF did net promote transformation, but did facilitate tumor growth in vivo (Ferrara, 
N and Davis-Smyth. T. (1997)). Furthermore, administration of a polyclonal antbody 
which neutralized VEGF also inhibited growth of human rhabdomyosarcoma, 
glioblastoma multiforme and leionnyosarcoma cell lines in nude mice (K,m et al.. 
(1 993) Nature 362: 841 -843). 

,n view of the importance of receptor tyrosine kinases (RTKs) to the control, 
regulation and modulation of endothelial cell proliferation and potentially 
vasculogenesis and/or angiogenesis, many attempts have been made to identify RTK 
"inhibitors" using a variety of approaches, including the use of mutant ligands (U.S. 
Patent No 4 966.849). soluble receptors and antibodies (Application No. WO 
94/10202;Kendall&Thomas.(1994)ProaNa^^^ 

1993). RNA ligands (JellineR. et aL, (1994) B^chen^ 3:10450-56). protein Rinase 
C inhibitors.(Schuohter, et a... (1991) CancerRes, 51 :682-587); Takano, et ai.. (19 3) 
Mol Bio. cel. 4:358A; Kinsei.a. et al., (1992) Ex£.CeiRes. 199:56-62; Wright, et al.. 
^^^^^^T^^^arPhy. 152:448-57) and tyrosine kinase inhibitors (WO 94/03427; 
WO 92/21660; WO 91/15495; WO 94/14808; U.S. Pat. No. 5.330,992; Mariani. et al.. 
(1QQ4> Prnr. Am Assoc. Cancer Res. 35:2268). 

More recently, atter„p.s have been made to identify snnail r,olecules whioh 
■ act as tyrosine kinase inhibtors. For example, bis monocyoiic. bicyolic or beterocyd. 
aryi compounds (PCT WO 9220642), vinyiene-azaindoie derivatives (PCT WO 
94/14808) and 1-cycloproppyl-4-pyridyi-<,ulnolones (U.s: Pat. No. 5,330,992) have 
been described generally as tyrosine kinase InhlbKors. Sb,ryl compounds (U.S Pat. 
Nc 5 217 999), styryl-substltuted pyrldyl compounds (U.S. Pal No. 5,302,606), 
certain ,uinazcline derivatives (EP Application No. 0 566 266 Ai), selancinddes and 
selenides (PCT WO 94/03427), tricyclic polyhydroxylic compounds (PCT WO 
92/21660) and benzylpbcsphonic acid compounds (POT WO «^'^^«.=> 7;^!" 
described as compounds for use as tyrosine Kinase Innlbitcrs for use ,n the treatment 
c, cancer. None of these compounds, however, have been previously associated 



with the enzymati ction of the VEGFR-2 receptor. Like^A^^one of these 
compounds have been associated with regulation of vasculogenesis and/or 
angiogenesis. 



5 Therefore, there is a need in the art to develop small molecule antagonists of 

the PDGF, FGF, EGF and VEGF pathways individually or as a group. Moreover, if 
these cytokines signal through a common second messenger pathway within the cell, 
such antagonists will have broad therapeutic activity to treat or prevent the 
progression of a broad array of diseases, such as coronary restenosis, tumor- 

10 associated angiogenesis, atherosclerosis, autoimmune diseases, acute inflammation, 
certain kidney diseases associated with proliferation of glomerular or mesangial cells, 
and ocular diseases associated. with retinal vessel proliferation. The present invention 
was made by discovering a common signaling mechanism, a group of active 
therapeutic agents, shown to be active by a large number of and variety of predictive 

15 assays, and discovering a common intracellular signaling intermediate. 

^3 ■ ■ 

J^" Based on sequence homology and overall domain structure, VEGFRs belong 

to the platelet-derived growth factor receptor family (PDGFR) which also includes - 
PDGFRa, PDGFRp, the stem cell growth factor receptor (c-kit), and the colony 

ill 20 stimulating factor-1 receptor (CSF-IR/c-fms) (van der Geer et al., (1994) Ann. Rev . 

p Cell Biol. 70, 251-337). Compared to other protein kinases, members of this family 

contain an insert of approximately 65-97 residues, termed the kinase insert domain 

III 

m (KID), within the catalytic kinase domain relative to other protein kinases. Within the 

W PDGFR family the KlDs are of varying length and low sequence homology. Deletion 

25 or mutation of the KID from PDGFRa, PDGFRp, c-kit, and CSF-1 R have indicated that 
this domain is not necessary for intrinsic kinase activity but that it is important for the 
binding of other proteins involved in signal transduction, via autophosphorylation of 
• KID tyrosine residues (Taylor et al., (1 989) EMBO J. 8, 2029-2037; Heidaran et al., 
(1991) Mol. Cell. Biol. 11, 134-142; Yu et al., (1991) Mol. Cell. Biol . 11, 3780-37.85; 
30' Kazlauskas et al., (1992) Mol. Cell. Biol. 12, 2534-2544; Lev et a!., (1992) Proc. Natl . 
Acad. Sci. USA 89, 678-682; Reedjik et al...(1992) EMBO J . 11, 1365-1372; Bazenet 
et al., (1996) Mol. Cell. Biol. 16, 6926-6936). Although the signaling pathways and the 
spedfic role of the KID are still not fully determined for VEGFRs,. the VEGFR-2 KID 
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does contain ti^rosines which are known to be autop ho'iylation sites 
(Dougher-Vermazen et al., (1994) Biochem. Biophvs. Res. Cnmm 205, 728-738). 

Since the determination of the first cyclic AlVIP-dependent protein kinase 
(cAPK) structure (Knighton et al., (1 991 ) Science 253, 407-41 3) a variety of protein 
kinase structures have been reported (reviewed in Johnson et al., (1996)_Ce!l 85, 149- 
1 58). Among the receptor protein -tyrosine kinases (RTKs), structures of the kinase 
domain of the insulin receptor (IRK) (Hubbard, et al.. (1994) Nature 372, 746-754; 
Hubbard. (1997) EMBOJ, 16. 5572-5581) and the fibroblast growth factor receptor-1 
(FGFR1) (Mohammadi et al.. (1996) Cell 86, 577-87; Mohammad! et al., (1997) 
Science 276, 955-960) have been determined. 



SUMMARY OF THE INVENTION 

The present invention discloses the generation, kinetic characterization, and 
structure determination of a modified kinase domain of the VEGFR-2 protein, 
containing 1 8 residues of the 6'8 residue KID. This 2.4 A crystal structure.of the 
phosphorylated VEGFR-2 catalytic domain is the first reported structure of a kinase 
domain of the PDGFR family. This structure provides insights into the orientation of 
the KID domain of VEGFR-2 which may be relevant to other PDGFR family members. 
Furthermore, as inhibition of VEGFR-2 kinase has broad clinical applications, this 
structure provides a three-dimensional description of the target for structure- based 
design of small molecule VEGFR-2 inhibitors as therapeutic agents. 

It is ah object of the present invention to disclose an effective method for 
screening candidate compounds that are specifically agonists or antagonists of 
various proteins which can be included in the receptor tyrosine kinase family (RTK) by 
crystallizing RTKs and particularly the VEGFR-2 receptor in order to use molecular 
modeling of the x-ray crystallography data to model the binding of candidate 
compounds. 
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There i Alosed a method for designing and sct^g potentially 
therapeutic compounds with activities such as: (1) inhibiting new blood vessel 
formation that is useful for treating or preventing progression of diabetic retinopathy, 
cavernous hemangiomas, Kaposi's sarcoma, tumors composed of endothelial-like ' 
cells, and growth of cancer cells by preventing their development of a new blood 
supply: (2) suppressing development of kidney diseases due to cytokine induced 
proliferation of mesangial cells and/or glomerular epithelial cells that is useful for 
treating or preventing progression of diabetic glomerulosclerosis and other 
glomerulonephritis of various types and etiologies; (3) preventing joint destruction 
accompanying rheumatoid arthritis due to proliferation of synovial cells; (4) . 
suppressing manifestations of psoriasis due to proliferation of keratinocytes and 
accumulation of inflammatory cells; (5) suppressing accelerated atherogenesis 
involved in restenosis of coronary vessels or other arterial vessels following 
angioplasty; (6) suppressing atherogenesis, coronary artery disease and other 
5 vasculopathies due to atherogenesis; and (7) suppressing tumor growth via paracrine 
or autocrine mediated responses to other cytokines such as PDGF, FGF EGF or 
VEGF that is useful for treating or preventing progression of tumors such as breast 
cancer stimulated through overexpression of her-2-neu receptor, wherein the 
inventive method comprises administering a compound that inhibits signal 
transduction. 

The present invention is useful in developing methods that are used In the 
iterative drug design process. The process identifies potential agonists and 
antagonists to VEGFR-2 by de novo design of novel drug candidate molecules which 
bind to the VEGFR-2 receptor to improve their potency. . The x-ray crystallographic 
coordinates disclosed herein, will allow generation of 3-dimensional models of the 
catalytic site and drug binding site of the VEGFR-2 protein. 

De novo design primarily consists of the generation of molecules via the use of . 
-computer programs which build and link fragments or atoms into a site based upon 
steric and electrostatic complementarity, without reference to substrate analog 
structures. . The drug design process begins after the structure of a targef RTK is 
solved to at least a resolution of 2.8 A. Refinement of the structure to a resolution of 
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2.5 A or be..er, with wmer molecules in place prcvid.. ^Ptimal conditions 

to undertake drug design. 

„ is another obieot of this lnven«on to identify KIDs of proteins in the RTK 
and suitable for measurement by x-ray crystallographic means. 

,t is a further obieot of this invention to disclose a process whereby K,D regions 
,romamemberoftheRTKfamilyofgenessuchasP03.E3P,VE.Fando^^^^^^^^^ 

physical characteristics of the resulting polypeptide product. Examples c, such 
favorable physical characteristics are increased solubility, greater stab,„ty to 
. temperature variations making the polypeptide suitable for analysis by nuc ear 
Ignetic resonance, high throughput screening, biochemical oharacte„.at,ons, x-ray 
crystallography, calorimetry and other diagnostic means. 

I, is yet another object of this invention to developing screening 
,„ the drug design process of poten.al agdnlsts and antagonists to proteins ,n the RTK 
- family by de novo design of novel drug candidate molecules with potenteily 
rnllpotencies.Thex-rayc.staliographlccoordinatesdisc,^^^^^^^^^^^ 
deletion mutated KIDs and various other deletions o, sa,d prote.hs -"^^ 
„11, allow generation of 3-dimensional models o.the active binding site of the proteins 
in the RTK family. 

BRIEF DESCRIPTION OF THE DRAWINGS 

■ Pigure , Secondarv structure assignments ,as given by ProchecK, for the ca.lytio 
ml ofVEGFRa and sequence alignment with other representatlverecep. 

. Zlne Klnases.^ a helices are designated as oB-ol, , ^ 
,0 I The s«e of 50 residua deletion In VEGFR2A50 is indicated by 1. The s.e of the 
,r . VF=GFR2D50 is denoted by an -.Sequences are from: VEGFR2 
E990V mutation in VEGFR2D50 IS denote y . ■ protein 

(reported here); FGFR1 (Swiss protein database #P1 1362), IRK(EM 



database #A18657; bering as in Mohammad', et al:. 1996) GFR1 (Swiss 
protein database #P17948); PDGFRa (Swiss protein database #P17948). 

Figure 2. Overall fold of VEGFR2A50P, FGFR1, and IRKP. 
5 Backbone representation of structures of the kinase domains of (A) VEGFR2 
(VEGFR2A50P), (B) FGFR1 (molecule A of PDB entry 1FGK, Mohammadl et al.. 
1996) and (0) IRKP (PDB entry 1 1R3. Hubbard et al., 1997). The views shown in A. 
B and C are identical views generated from superpositions of the C-terminal domains. 
. The positions of the termini are denoted by N and C. The nucleotide-binding loop 
10 (orange), kinase insert domain (pink), and activation, loop (yellow) are highlighted. In 
(C) the bound AMP-PNP is shown in green and the peptide substrate is shown .n red. 
. Figure prepared with INSIGHT 11. 

Figures Catalytic site of VEGFR2A50P and IRKP. 
n 15 Cross section of the catalytic site of (A) VEGFR2A50P and (B) IRKP (PDB entry ,IR3; 
'I Hubbard et al., 1997) structures. Atoms are colored by element type: carbon (green), 

IS ■ oxygen (red), nitrogen (blue), sulfur (yellow), phosphorous (pink),and magnesium ,on 
I (orange). (A) includes only protein atoms. (B) includes protein atoms, AMP-PNP 

W atoms, and Mg2+ Ions. Figure generated using INSIGHT II. 

Figure 4 Nucleotide binding site of VEGFR2A50P and FGFR1 . 
Stereo view showing Co trace and some sidechains of a superposition of the nucleofde 
binding sites of *e VEGFR2A50P and the FGFR1-(AMP-PCP) complex (molecule B, 
Mohammadl et al., 1996) structures. The superposition was done using Co posrtions of 
helices (D,E,F,G,H, and 1) of the C-.erminal lobes. Carbon atoms of VEGFR2A50P are 
Shown in yellow and carbon atoms of FGFR1 are shown in purple. The colonng or 
other protein atoms is: oxygen (red), nitrogen (blue), and sulfur (green). The AMP-PCP 
in the FGFR1 structure is depicted in orange. Labels correspond to VEGFR2A50P 
residues. Figure created with Xffl (McRee et al., (1992)iMoLGraEh. '0, 44-46.). 

Figure 5. Electron density map of the kinase insert domain area of VEGFR2A50P. 
Stereo view of a- 2Fo-Fc map computed at 2.4A and contoured at 1 .2 and 

superimposed with the reflned model. Carbon atoms are yellow, oxygen-atoms red, 

10 
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and nitrogen atoms d^ue. Water rr^olecules are depicted as^crosses. Figure 
created with Xfit (McRee et al., 1992). 

Figure 6 Kinase insert domain of VEGFR2A50P. Stereo cross section showing the 
5 ordered residues of the kinase insert domain of VEGFR2A50P. Carbon atoms are 
yellow oxygen atoms are red. nitrogen atoms are blue, and sulfur atoms are green. 
. View is rotated roughly 180= from Figure 5. Figure created with Xft (MoRee et al.. 
1992). 

10 - Figure 7. Resulting X-ray crvstallography coordinates for VEGFR-2 based on the 
method disclosed in the crystallization and data collection. section. 

DETAILED DESCRIPTION AND PREFERRED EMBODIIVIENTS OF THE 

INVENTION 



Cloning of The VEGFR-2 Protein 



i • The coding sequence (Terman et al., •(1992) Biochem Rio Commu n. 

5 " t87 1579-86)forthecytoplasmicdomainoftheVEGFR-2was amplified by PGR 

^■^^20 (Mul!isetal.,(1986).Biotech^ , . 

h ■ (Clontech Palo Alto. CA ). Two overlapping sequences were ampli^ed independently, 

ff vcyt (residues M806.V1356). which represented the entire cytoplasmic doma.n, and 

i Vcat (residues C817M-G1191), with boundaries based upon a prirr^ary ammo acid 

g . sequence alignment with the insulin receptor kinase catalytic domain (We. et al. . 

25 n995^ J. Biol. Chem. 270, 8122-8130). 

The PCR oligonucleotide primer sequences for Vcyt were: 
Vcyt5 5--CAGCATATGGATCCAGATGAACTCCCATTGG-3- (Seq. ID No. 1) and 
.Vcyt3 5--GCGGTCGACTTAAACAGGAGGAGAGCTCAGTGTG-3' (Seq. ID No. 2). 

30 

The PCR oligonucleotide primer sequences for the Vcat were: 

VcatS 5--GCACATATGGAACGACTGCCTTATGATGCCAGC.3; (Seq. ID No. 3) and 

-Vcat3 5'-CCTGTCGACTTATCCAGAATCCTCTTCCATGCTCAAAG-5- (Seq. ID NO. 4). 



The ampiifled DNAwas dig.s.ed with .he restriction enzyWs Nde, and Sa U 
. ,i,ated into the E co;,' plas^id pET24a (Novagen Madison, W.) and sequence vended 
len Ipared to the origin. VEOPB. se,.ence i. Oeohan. 
, 346345, two nuceotide di«erences were noted that resulted ,n oodon changes 
,0,„e4S.Va,and.s„S35-L,s,inho.hVcvtandVcat. O^^^^.^^^^^^ 
subsequent VEGFR-2 GenbanK subn^issions (Accession nun^bers 2655412 
3132833). 

Mutations were introduced by oiigcnucieotide site directed -"'^^-^J 
(KunKe, 1985) using the Muta-Gene in vitro Mutagenesis Kit front (B,o-Rad Hercu e , 
CA T e Vca DNA fragr^ent was subdoned tro. the pET24a vector us.ng a Ndei- 
CA). inevcdLu a ^noRKanetal 1992)andthis 

Xho, digest into the vector pMGH4 (Sohoner et a... ^^'^^^^ ^ ^..^ 

vector was used to generate the ssDNA uracil template (m,nus ^^^^^^^ '"^ 

vecior a rrr AGCAGGATTGATAAGACTACATTGTTC- 

1 5 CJ236 supplied in the kit. An oligo (5 -CTCAGCAt.bA 

(.^jzoosuKP GUGI'l^whch truncated the u- 

3') was designed to create a construct (Vcat{AG1172 G1191)) 

°^I^0 residues (residues T940-E989, of the insert kinase don-,a,n, base on a 
,0 a,ignJwithP0..1(Mcha.™aieta,,1..B, Se,-ce ana.s,s 

deleted an nadvertent G.u990-Va, mutation. Aii DNA modif.cat.on and restnction 
e'tes were purchased fro. New England Bioiabs and oiigohucieotides were . 
purchased form Genosys Biotechnology. 



25 



30 



The VEGFR2A50 construct was ™de in severa, steps to combine the necessa^ 

• »^t^r n&r=5G2 (Pharmingen San Diego, CA). t>iep 

stations into the bacuiovirus into the Nco,-Kpn, 

.theccdingregionforVcytwasPC.^— ^ 

si,esofvectorpAcSG2. Step ;a 353^^^^^^^^^^^^^^^ 
<^T940-E9S9,E990V,was,,ga.doa b^^^^^^^^ 

(^G1172-G1191)creat,ngapMGH4-Vca(AT9 ^^^^^^^^^^^^^^^^^ 

3; a 91 3bp BstEil-Eagl DNA fragment a pMGH4-Vcat (AT pAoSG2-Vcyt 

was iigated to a 3290bp Eag,-BstE„ DNA fragment from P-^^^^^^^ ^ , 
(AT940-E989,E990VAG1172.G1191). aisoreferredto as VEGFR2A50. T 
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was sequenced vertf Aug. .he entire coding region and oo||ed .0 con.in oniy these 
known mutations fromTwild-type sequence (sequence shownW.gure 1). 

DNA encoding VEGFR2A50 was transfeCed into Sf9 cells with linearized 
baoulovirus DNA according to the protocol of the manufacturer (Pharmingen San 
Zo. OA,. Single plaques were isolated from this transfection ^^^^^^^ 
generated. All stocKs were examined by isolation of baoulov.rai DNA and PCR 
ampllfloation of the insert using the polyhedron fo^ard and reverse primers^ 
Zro,.a, S,21 cells were infected at . -1 .5 miiiion cells/mL at M0.5 for 72 hours 
and harvested by centrifugation. 

Pi,rifii-.ation Of VE '^-CP'^A^n From Sf21 Cells 

cell pellets were lysed by dounoe homogenization and sonioation in 20 mM 
Ths pH 8.0, 20 mM NaCI, 5 mM DTT. and 6% (v/v) glycerol. The lysate was 
I t fuged for 50 minutes at 35,000 rpm in a T,45 rotor. The soluble fra^ion was 
ca ed onto a 40 ml O-30 anion exchange column (Pharmacia, and eiute w h a 20 
:L eOO n.M NaCI gradlentln 20 mMTris pH B.O. 5 mM DTT, ^^^-^^f^^^^ 
..er 20 column volumes. VEGFR2A50 protein was pooled by S^^'^'^^f 
, enalysis and by the presence of .nase activity as '^^'"^^ ^^^^^^ 
^ peptide substrate (Boehhnger Mannheim). Pooled matenal oad^^ " 
y roxyapatlte (Bio-Rad) column and washed extensively w«h 20 mM Tr. pH A 
mM NaCl, 5 mM DTT, and 5% glycerol. Protein was eluted using a 50O mLlinear 

u k-,to nw R n 50 mM NaC , 5 mM DTT, and 
gradient from 0 to 50 mM potassium phosphate pH 8.0. 50 mM 

. ^1^^ Qnq.PAGE ae analysis and by tne 

5 5% glycerol. VEGFR2A50 protein was pooled by SDSPAC^tge y . 

presence 0, Kinase activity as measured against the gas^ln peptid^^^^^^^^^^ 
nis column was then diluted 1 :, witn 20 mM Ths pH 8.0,.20 mM ^^^^^^^J^' 

and 5% glycerol and loaded onto an 8 mU Q-15 anion exchange 

= 1 so mL linear NaCI gradient (20 mM-175mM) in 20 

Protein was eluted using with a 1 80 mL linear injo a 

,0 mMTnspHS.O, 5 mM D^, and 5% glycerol. VEGPR2A50 protein was pooled s 
:escIdabove.4M(NH4,2SO4wasaddedto.hepooltof,nalconcen.rat,onof0.e 

M and the pool loaded onto a ,0 mU HP-phenyl sepharose ^ 
VEGFR2A50 protein was eluted using a 200 mL linear reverse gradient from 0.6 

13 



,u«er exchanged in,o 50 mM Hepes pH 7.5, 10 D^, 10 % ^erC, and 
Naa over a 500 mi 0-25 co,u™ (Pharmacia) and concentrated to 1 mg prote n/mt 
llgh a 10 .0 c.« po,ysu„one n,e.brane,A.ico„,. FIna, materia, was al.ucted 
and flash frozen in liquid N2 and stored at -70'C. 



Kinetic Assays 
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The coupled speCrophotcn-etric assays were done with purified yEGFR2A 0 
p..ein.hatwasautophospho.,atedunderconaiticns.protein(4m , TP -^^ 
MgCi2 (40 mM), DTT (5 r.M). in Hepas (100 mM), 10% glycerol. pH 7.5 at 4 C for 1 



W15 
13 20 



tiour. 
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Tyrosine kinase assays were monitored using a BeckmanDU 650 
Spec.ropLo.eter. production or^OPwas coupled too.d.lono,H^^^^^^^^^^^^^^^^^ 

p osphoenolpyruVate (PEP, through .he actions o, pyruvate ^i 
dehydrogenase (LDH). The oxidation c, NADH was mon,.ored by following the 
decrease In absorbance a. 340 nm (e340-6.22 cm^ mM'^ Typical reaction 
30,utlons contained: 1 PEP, 250 r.M NADH, 50 units c, .OHI^U^J^'^^ - 
PK/mL, 5 DTT, In 200 mM Hepes, pH 7.5 and va^lng -""J °' 

U(E4V1, (Sigma), ATP and MgCi. Assays were initiated with 40 nM of 

VEGFFS2A50 protein. 

■ CoiEledSBectroBh^^ 

.TP generation was coupled .o produClon o, NADH — 
hexokinaas (HK, and giucose-6-phospha.e dehydrogenase (G6PD). In . 
catalyzes the conversion of ATP .0 ADP and 8'"---^--; ' . 

phosphate IS men o.dized to 0-^-''^°^^^^^^^°"°'''''^''-^^^ 

L conoomKan. reduction of NAD to NADH which can he monitored nm 
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Typioa, assay sCution J- ,,,,.a concen.*ns 0, 

ADP and phospho-poly(E4Y)- i 
VEGFR2A50 protein (600-900 nM). 

of the VEGFR2A50Protein 



Base, on me a.ove sPe^oP^"--^;^;;^;^::; pile, add-on 0, 
potential candidate agonists or antagonists of ^ ■ .^^ ,,,,,, ,he 

,e candidate --"^ ^/J^;::^^^^^^^^^^^ measured againstthe gastdn 

kinetics of the activity of the ''^^'^^'Y , ^„didate compound is 

The acSvity in the presence and abs 

measured and the resoitlng Kinetic data ,s c p ■ ^^^^ ^^^^ .^^.^^^.^^ ^ 

t,. .eceptor wii, be reflected in the sh« to ^^^^ „ou,d 

. competitive antagonist or with a ^ ^ ^.^^ ,,e left of the Kinetic 

indicate a non-competitive antagonisn.. =° ^ ^^^^^^50 protein. See 
o.„es would indicateacompetltiveagonj«^^ 

generally. Bourne, H.R., et al. .n, (1987) Bag 

at, eds) (Ch. 3) 9-22. 



:i5 
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n.x/PrFR2A50ForCQ[^aili^^ 
jrAmroAu^ ^ 

Seectrometri 

■ VEGFR2A50 protein were thawed b, immersion in cold H20 
AViquots of frozen VEGFR2A50 p ^ ^ respectively, 

and pooled a. 4.C. MgO.2 and ATP ^,3,,,,,oP) was then 

VEGFR2A50 was incubated at 4'C for 1 hour^ "m ^^^^^ 
.«ere— dlntoaso.^^^^^^^^ 
and concentrated using a Centnprep lu ^ 



30 Mags s pectromet ry 



15 



Fra,.ingham, MA). A volume o, 1 oj ^ ^^^^^ „ 

^ of matrix (a-cyano^M-xy-cnnam^c aad) .^^^ ^^^^ 

and 0.25% (w/w).nf..oroacet,caad,nwale 

«Uh a nitrogen laser operated at 337 nm. 

speotron^eter (PE Sciex API «, A^e ^ ^^^^^^ ^ 

source tron. Protana A/S, ,,^,3,3, p,oteln was ..xed witt, 7 

; ■ orlf.ce settings were maintained at 100 ^ P ^^.^ into 

the mass spectrometer, ion scans we . , . 



20 



peptides 

CQ^stalli^t^^ 



25 



, . . VFGFR2A50 was concentrated on average to 5 mg 
Purified phosphorylated VEGFR2A50 ^ ^^^^ ^^^^^ 

p.tei.m.usin.acentricon.0ce.^^ 

hanging drop vapor diffusion m^nod a 4 ^ ^^^^^ ^^^^^^^^^^^ 

3nd 2 ,L of a mother liquor solution (1 00 mM P ^ ^^^^ ^^^^^ ^ ^ 

,0, monomethyiether ^^^^^^'^^^^^^^^ I, p..ercaptoethanol had 

...se^oirofthemotherli^uors^^^^^^^^^^^^^^ 

been added, crystals appearedafter 3 4dy 



mm over 21 days 



o- ouii RU-200 rotating 
X-ravdl«ractlondatase.swerecoi,e.^^^^^^ 

- 3„ode X-rav .neratoc (CuK. ope. a. ao ^^^^^^^ ^^^^ 
Supper focusing mirrors and a MAK^ 



10 



r. 

Sl5 



id" 
=2 g 



„ was done by transfemngs costal int|g|rYoproteclant 

(oIowsRi, 1993) Data collection statistics are g,ven ,n Ta.ie 2. 

.whined using the AMoRe molecular replacement 
,„.ia, protein phases " ^^^^ (,„,,„™dl et al., • 

,„,..,Kavaza«.— ^^^^^ 

1996; PDB entry 1 FGK) as a sear P . ^^^^^ ^^l,,,^ 

solution was achieved by ' ^ ,,erminus (464-467), a short loop (517- 

residues of the activation loop (640-660), the ^^^^^^^ 
e,0), and the C-,ern,inus (760-762) fro. .o.^ent o, 

,..op peaKin the rotation andtran—^^^ 

0.31. Rigid body refinement inAMoRe " ^ ^ ,33„;„fcn range. The 

.oefTicient of 0.49 and an -^^-^^ ^,,3,„ , 3 difference rourler 
correctness of this solution -^^J^^„^,^, soaKIng a crystal for 3 

done using Xtalview(McRee etal.. 1992) 

R.nementofthemodel.asdone.^^^^^^^^^ 
calculation of electron density maps and ™de "g ^ ^ ,^ 

(„cReeetal„1932) ^^^^^^^^^^^^^ Thennal 

(„a.ive2, and was completed us.ng a data set ( a ^^^^^^^ ^ ^^^^^ ^„ 

R.,actor is 20.2»/. for data in the range 8-2.4 A (Fo ) ^ 

ic 8 A2 for water molecules. 1 ne una 
atoms IS 31.8 A2 for protein atoms and ^ ^^^^^ ^^,,,„,3 the 

includes residues 820-939, 99S-1047, ^"''^'H '^^^^,^ ^1038, K1039, K1110, 
3idechalnso«838,Ra42,F346KS39 09^J^^^^ 

■ ,nd E1 113.could not be modeled p^^.H.cK (UsKows.! et al.. 

Analysis of main-chain torsion angles as done using P ^ 



-n fhP d^fcowed region and 
4 oco^r in me a-rou* *w«n ^^^^ ^^^^^^ ^^^^ ^^^^ 

located in positions to make reas 
molecules. 

=.„,dures was done using the graphics 
Supe.posiV,onsoWar,ous.nases.=tur 

■ program ,nsigh.„(Moieou,erS,mu,a.ons inc. Sa„ 0 9 

^^'^■^ „, .„™nVEGFR-21a*ing*e60can.ai 

The tyrosine kinase domain of h"™" ^ baculovirus/inseot oell 

residues 0, the 63 residues o, the K,0 was e>.^s- ^^^^^^^^^ ^^^^^^^ 
system. Onhe1356 residueso,,«^^^^^^ 

VEGFR2A50 also contains on« h 
typeVEGFR-2. 

VEGFR2A50 is also capable 
,„ 3ddition to catalyzing its ^-^^T:!^:. substrate. Oetaiied kinetic 
30 of catalyzing phospho^iation o, a P° W^V^^^ « ^^^^^ to that of a 

.na,ysis(Tah,et,.eveaiedtha.itsk,necP^^^r^^-^^^^ 

.ompara.e protein -^'';^^^l ,,,,^,,eO is a foiiy active 

. p,3ss,. Theseresuitstakentoget ennd a - ^^^^^^^,,,,,,Ohasno 
Lotiona, enzyme. ^-'^'^^ sot irpLphotransfer reaction, i.wasaiso 

ohservea effecton the ^JJ^^ ^ds from me KiD region did cause a 

determined the. deletion of more than 60 am,n 

diminishment in the activity of me enzyme. 



Table 1: Kinetic 



constants of VEGFR2A50 



Substrate 

MgATP 
-10 poly(E4Y) 



Mg 



2+ 



Forward Reaction 
^ ( 

13.3 



0.153 
2.1 
6.8 



87x10^ 



63x10 
20X lO'^ 



15 



o 

j020 

IB 

y 

111 
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Substrate 

MgADP 
p.poly(E4V) 



Reverse Reaction 

I 

KM ism '^catCs ) 



0.056 
1.0 



0.13 



23 X.10'' 
13x10 



,1 



30 



35 



.Sine, 6 ararrtne. S i^^S™^'. ' catalytic domain wl* *e e„*e 

■^«ai prce. constructs contain, * VEG^ ^ ^^^^^^^^ ^^^^^ ^^^^ 

K,0 were generated. A«e- e^a.s ve^e.^ 

„„ed .0 yield even marginal crystals, the VEGF ,e.er™.ned 
:,3,,3t.att.eH.Hyc.ar.ed^°;-^^^^^ 

.- ..HMnATP Matrix-assisted laser OB 
incubation with MgAi*-. ' 




^K, ,s,„assspec.romet^-"^'Vsi#'*"3* 

n.„oe,e*osp.V .oniza^on '■^^"^^^^ ' ,,p.,ca,.y .'.este. pep*s 

pHosp^orv-ateaVEGFRaASOVE^^^^^^^^^^^ 

indicates phospho^lation of Y1 59 u ,ng ^^^^^^^^ ,„ 

,33or.e. nere. C^sta.s ' ^^^^ space group P2,2,2, w«. 

undated state. The cn,sta,s beiong me ^^^^^^ 

VHGrR2A50P n,o,acu,e '.n ^^^^^^ ,,„,,,e o, t.e 
«ere determine, by ™.ecu,ar -P'-™ ,., 19.e) as a sea.n 

^nphosphorylated Kinase doma,n ^l^^^ ' was crcss-cneo.ed 

„,,e.. The correctness of the ,,,ever, was not used for 

osing a go.d cyanide derivative. Th — 3,„,„,e 
,,3seoa,cniatipnsofe,eotronden.^^^^^^^-^^ . 
nas been reflned to an R-factor of 20. /. for ^^^^^^^ ,,3„,,er 

V„OP resid.es for ,„,3V of the K.O, residues 1 0.. 

•,ndude the N-tarminal residues 806-81 9 3,,„^„,e 
5 1063oftheaotivationioop,andresKiues^ S 
.eter^ination statistics are induded .Tabie 2. 
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.a«ea:VH3..2.S0Pstructure.ete.n-,nationst3.is«=s 



Data Set 



Data resolution (A) 

Rsym W 
Completeness (%) 

Temperature ( C) 
Unit cell a {k) 
Unit cell b (A) 
Unit cell c (A) 
Refinement 
resolution (A) 
Refined R (%) 



15-2.2 

5.2^ (19.6)^ 
93.0 (81.0) 
-185 

95.41 
96.04 
38.22 
8-2.4 



20-3.0 
8.4 (19.2) 

97.5 (98.4) 
room (-21) 

97.10 
96.94 
38.63 



15-2.4 . 
7.0 (21.9) 

98.8 (98.8) 
4 

98.52 
96.50 
38.56 



15.3.1 
7.1 (19.5) 

96.5 (95.0) 
4 

97.71 
96.97 
38.52 



20.2 



c.d 



R sym 



-IhWlil'i^^'HKhkD'l'&kiB'iC^W) 
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bvaiueinparenthesisisforHghesXresoiutiohsheiO 



respectively (Fo> 25) 



d Model includes 275 protein 



overall K"mase Fold 



residues and 182 water molecules 



f both serine/threonine and 

Analogous to previously ,obes«ith catalysis of 
,„sine protein .inases,VE3PR2^S0P^^^^^^^^^^^^ 

.ospnotransfer .a.ng place In a c eft betw- ^^^^^^^ , 

.ohnson at al., 1 996, A C a .a ne ^^^^^^^^^^ , 

Figure aa. Kinase secondary a,., «9U Tne .-.ern..nal 
convention originally a-"'" ^^^^ ' , ^.„,edP sheet with one o he x 

,o.e (approximately residues B20-920 .nic. (^1- 

■ ^„C,. Theps^ctureccrnprisasfw an P^a^^^ ,,„3.,erC- 

. U are highly cu.ed and curl over t e o her t. ^ ^^^^^ , as 

lL,naldo.ain(appro— .^^^^^^^^ 

,p7.p8), Which lie atthe top ofthe C-term ^^^^^^^ ^^^^.^^^^^ C 

Let. Sevena-halices(oD,oE,oE-F^ G^- ,^^^^^^^^^„,„„^,na,,y 



25 



Let. Sevena-halices(oD,oE,oE-F^ G^- ,^^^^^^^^^„,„„^,na,,y 

terminal do^in. Li.e other ^'"--■.^^^^'^^^,,,,,„,„g loop (residues 841-846K 
.p„.ant,copreglons-g.on.-^ 

,ne catalytic loop (residues 1026-1 033) 
(Fiqures 1 and 2a). 

,H. VEGFR2A50Pstructureresemb.es most 
Otthe reported .inase , „„3di et al., .m: PDB entry 

Cosely that of the catalytic "' J^^ .dentlty (Figure 1). S.nce 

, POK) With Which it Shares ^PP--^^;;^^^,,, „„„ the FGFR1 structure 
: two molecules In the crVs.a«ograp.^= -y- ^^,^^^„^ ^ ,,,cnhe 

^olutionarevery similar —J^^^^^^^^ 

only for FGFR1 molecule A, ^,,,,es (oD, oE, oF, oG, oH, ol ) 

p6)oftheN-terminallobeor152Copcs. 



dVEGFR2A50P result in re >ve rms 
C-.er.ina, ,o.e ^^^^"''f^' l^^^ o, approximately 5' be«,een *e 

deviations o, 0.40 A and 0.52 A. .A -'^'^ ,iont-y iarger and more 

^0 ,o.es resuits in tne interiobe ^^^^^ Co. (K523 and R675 o, 

„pen. Measurement o.dis.ances eW,e-^ 

S877 and R1080 °' V^^"^^'' ' „ ^3.2 A in FGFR1 . This is 
.stance is 2.3 A in -^-^^'°^':::Z^ .r^er reiative ,o.e rotations 
however a minor difference, as con^pa p.^^pho^iation states 

,,,e™ed among Kinase ^^^^-- ^' ^^txamp-e, the inter-iohe orientaSon seen 
Uchnson et ai.. (1996, Ce« aa, ^^'^'^^ J^^ con,orn.ation than that 
here for VEGFR2A50P is in an ^PP"^'"^^' .„^„,ed icinase domain of IRK 

... .oftheN-terminalicbeagreewellbetween 
, V*ile the p-strand pos,t,ons of N ^^^^^^^ 

VEO^PandROFRUhest— 0*^^^^ 

..sidues preceding the f,rs. -nse-d r^^^^^^^^^ ,,„,ered 
, T.e first 14 residues (M806-E819) yEGF ^ ^^^^^^^^^^ ,,,^,,,3,^ 

the ne. seven residues (LSaO-BS^^ .0 - - ,3tead pan 

.,3t residues 806-819 do notform par. of t e - .^^^^ ^^,.,,3 

.,oraread.centto,.e.— -^^^ 
.eem .0 he pa. of the kinase doma n^ a ^ ^ 

, ,.e aiso ordered in the ^^..^e, ^u. 384, 484-489). 0.her 

.K.„aseUMVamaguchiandHen^^^^^^^^^^ 

-■r=i::-ri*eactiva«o^ 



catalytic loop and ATP binding site 



30 



Catalytic loop anon" - 

n HS7 has been termed the catalyse 

,„ p^tein Kinases, the loop ^e^-^n aE ^^^^^^^ as a 

,o„p as ,. contains an invariant aspart,c ^'^^''^..n et al., 1996). This aspar.0 

'I,,,cbaseinthephosphotransfert^.^^^^^^ 

,ad is part of a stretch of residues (H1026N 



=oose.ea a^ono p'i^in ,ro.ne .nase. . ^^^^^ W 

poswon and .ost ^"^''^CLd W (,BKP) co.p,e. struCres. As 

„„„ganded FGFR1 and ternary P^-P^"^ ^ ^^^^^^^,3,, the catalytic loop 
J .n t.ese pre.ous structures t e s.. J ^^^^^^^^ ^^^^^^^^ 



:rorandaspara.ne(W.033)..OOre3), 
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r at the cleft between tt>e N and C- 
The ATP binding site of protein K.nases .es 
..in. io.es .i.re ... ^^'^^^^^Z. ana residues .S.C.,S.a wK,c. 
primarily of residues E91T.N923 ,o,n ng me 
Ludepansofpt.P^andtnegiya^-^^^^^^^^^^^ 

,000 also referred to as the nucleotide b,nd,n9 .iganded. states. In 

iiion differs among Kinase structures ,n vandU ^^^^^ ^ ^^^^^^^ 

:;oPR2A50Pthisiocpisfairi,we,Urder -^^^^ 

e„eption of the sidechains 0, an ^^^^^ However « 

ot this ioop is Similar to that obsen, d h u 9 ^^^^^^^ ^^^^^^^^ , 

position is markedly different from hat . he IR ^^^^^^^^ ,,3U.ts in the 

^^--'--'^^^^^^^^^^ 
glycine-rich loop being 5 A Closer to 



3 20 structure. 



; 5 
1 
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ATP or an ATP analog, the adenine 
,„,,p,,edKlnasestructureswlthbou^aA 

,„g .aKes two conse.ed ^V^^ogen - ds J^^^ ,,3,, ,,,3e hydrogen 
3tructureofPOPR1wlthAMP.P~^^c^^^^^^^ 

,.nds are between the aden.ne mz and th ^^^^^^^^ ^ 

VEGPR2A50P, and beW-eeh the a^-n-N ^^^^ ^ 

VEGPR2A50P). Although the structu e p esen „ 

nLotide, the sl.llaHties In the P-'--'^^;;,, ,„,ed in aVE0PB2AeCP-ATP 
PH. indicate that these Mrc-;bo ^^^^^ ^ ,P,gure 4) 

complex and therefore the adenine isexp 

kinases involved in disease .s of. 

vadat.n In the ^^'^^Z.^ .TP-co.peti«ve inhibitors as 
oonsiderable importance ,n the design of 



.frGFRlan GFR2A50P 

,i«erenoes result in differences ,n <he snape _^ .^^ ^^^^ 

t Cflc sequence differences --^ ^^ poPRU and C10.5 (ABAC 

(Figure 4). Si.i.riv, ^^^^ ; iRK), F918(L1073), 

,evea,s variation in the adenine s,te a. V9 6 ^^^^ ,,,„ence 

;,0T.iRK,,U035(M1.39iRK) andC ^^^^^^,3,,^,0Ps.ruct^^^^^^^ 

. -paredtoserine^reo-.^^^^ 



15 
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..spared .o serine^-J ,,,.,,„,e«ive inK,*rs. 
useful in the design of selecnv 

P^teln Kinases contain a large ^^^^^^^^^^^^^^^ figure -n 

,...op,wnoseconfor.at,onisp— ^^^^^^^ 

e,075 and contains *V™3.- ^ °^ ^ Remain c, V =FR-2 

,™nd to be autophosp^ory^''- ^ in v ro 

p,ospho^lation site is indicated at Y105, 

ere t.eA.loop appears 

:r:rJd— -inasest..^^^^^^^^^ 

■ :;n;.etr,cunitoftne.pnos^-^^^^^^^^ 
,oop has relatively Wgn temperature f 



W ^ 1043 1063 could not o'i^'^'i'" 

,3ordered in .o.c* B. M^ougn ..dues ^^^^^^ ^^^.^^^^^ 

VEGFR2A50P, unambiguous a.eotron den V « P ^^^^^ ,,3, 
:o.5,oieart,«oatin,.a,.ese.^^^^^^^^ 
„,33„ed m the unphospho^lated FGFR1 s ^^^.^^^^ 

R1032 (Figure 3a). Companson to the str p,o68inthisVEGFR2A50P 
::,:st,uo,.eindicatestnatt.P^^^^^^^^^^^^ 

,„oture is inhibitory to substrate ^ ,rk3P complex 

:L tyrosine sidechalno, the peptMesubst^-^ 

Lcture. The contormation 0, res, u 10 ^^^^^^^ ^^^^^^ ^ pio3 

.eepitethephospho.ation — ^ 
.een here for residues D1064-P1 063 ,s ™^ ^^^^ ,,^,3 ir, 

lar,alogous residues inthe ^'^^^^^^^ ,,„3pho.lation site anyone 
VEGFR2A60 corresponds to a ra'atw* " ^^^^^^^^^ 
p™teln.vrosineKihase=..n.heterna.J^-^^^^^^^^ 

phosphclated lymphooyte ^'--^'"^j; ,3,, is phospho^lated and 
996) tt^e tyrosine at this ppsihon (^^^'^ in a phospho^la.ed 

Lip as a non-inhibitory oonforn.at,on s,m.^ t pHosp ate 

':^K terna. complex --^^XC^^ ^ 
g„up atthis posl«on n^aKes ^«,.h other pr ,996, 
LA-loopcontorrna^onthatailows^u^^^^^^^^^^^ 
Hubbard, 1997). However, s,noe th,s VE ^^^^^ 

„t exhibit a sinrllar open A-loop 00— 
.„„,on.ation«tthn,uchottheioopds.dre^^ 

0 rnonophospho^iatedMoopoVHO^^^^^^ 
involving several con.ormat,ons and 
„ostfavored in this crystal env,ronment 



n 

£1 
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K-,„ase.nsen Domain: 

. main occurs in the Kinase C-le sketch 
Kinase ^'^^^^^^ ,,,„n ccnesponds . a 8 ^^^^^^ 
.elices CD an. aB. in V ,,„3io K, na^e a V ^ 

^°"^*°"trn.epro,e,n.orntnepos 0,^^ ^^^^^ 

on me opposite „cse (or me OSF 1 1 

Tnese results are con.s^^n aecre 
aeletion of 58 of the 64 residu ^^^^^^^ ^, ,989)^ ^^^^^^ 

small number of residues ^^^^^ 

„ maintain a competent Kinas ^ ^ ,«3-P937 form a loose 

3„aolat.eC-ter..r-;; ^^^^^,„„.3.^^^ 

dear for residues 60 resid ^ ^^^^ 

;3SandK.3.arenotr.^-H^^^^^^^ 

ai^ectiV 'o«"-^ -^^^^ " '^Ung -in f*'-^'^ 1^. 
disordered and ^ j^^d that joins oE at r 

-riooithenforma sho , ,„ds of the to™ a 

. 3UneH-termlnalandC.term-.na -^ ^^^^^„,„„*ns 
■ The t«o strands at the N „«erent ^^^^ ^ 

,Mnded parallel P-sheet s ends of the ■ 

P^-''" '^°-*t„ /omer Kinase structures The - 
seen in this regio" of o ^^,„„e the o .^^.^ 

varietyofin.er30«ons**-;_^,,,3,deohainofK931^ 
position of this dorrrain in VEG 
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, ^mi and also makes a hydrogen 1° *e 
interaction wim the sidecha.n o, and ^^^^^ ^^^^^^^^.^^^ 

.a*one carbonyl o, 0998. (F.gure ^. Hy 9 ^ ^^^^ ^^^^^ 
strands include: E934 backbone C-0 .0 L 

P337C=O.OL,C02NH. '-^- '"'"Xslydrophoblc contacts. Tbe 
^335, P937, and L1000 are ^-Ived ,n - - ^^^^ ,,3 ^Hecbains o, 

u n nf F935 is nestled in a hydropliob.c poc^ 
sidechain of F935 IS n Y1130 (Figures 5 and 6). 

,Hasbeenfo.ndby*eapp,«^^^^^^^^^^^ 

, impart other useful and ^"-"^J " ,.3„,«hen exposed to higher 
The modir,ed polypeptide has ^^^^^ ,«-,ona.ly, U^e ^d.ed 
,.pera.ures In solution than the w„<^Wpe ^ , , 

polypeptide has also exhibited .low In^provements In various 

apparentto those Skilled in the a.~ 
oommerclai aspects o, the present rnven. ^ ^.^^^^^ 
modified protemslndude hlgh-throughpu. r J^^ ^^^^^^^ 
.eoeptor by various methods "udrng * - ^, ,„g,3nd 

. o KID can be deleted and retain some 

catalytic activity In other related RTKs su ^^^odlment of the 

other previously mentioned proteins. F r* ™ • ,,3. 

— -.-''01^^^^^^^^^^^^ 
least one amino acids such tnai 



protein is retained. 
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Cloninaofl!^^ . . ^ 

....example,the.0OP.P*~-^^^^^^^^ 
,o.VEGm.2above.Thaoodlngse.uenceforPDGFR 



10. 658U). 



■ pcR oligonudeotide primers are hen m ^ 

PDGFRO is shown starting at residue 689 (N) 
5 1- 

Theren,aihdero,tnec,oningandpo*a.icn=t^ 
aiscicsedfor the VEGFR2A50 protein and use .echn 

in the art. 

..V. RTKfamilY and other uses for the 

data disclosed herein and are not limited y 
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